Background: Wine is an ancient food product, ubiquitous across cultures all over the world. Its effects on health have been extensively studied, yet there have been only a few case reports of wine intolerance or wine allergy. We studied the prevalence of self-reported wine intolerance in the adult population of Mainz, Germany.
W ine consumption has been popular for millennia in many cultures. In recent decades, many studies have revealed the positive effects on health that wine can have, especially long-term effects after moderate wine consumption (1) (2) (3) . However, isolated cases of allergic reactions, which can be very severe, have also been reported (4) (5) (6) (7) (8) (9) (10) (11) . No epidemiological studies examining the frequency of wine intolerance in a general population have yet been published. The aim of this study is to assess how widespread wine intolerance is in a wine region. The data thus obtained can serve as a basis for further studies on wine intolerance. The basis of this study is a questionnaire survey about wine consumption and the incidences of allergies and allergy-like symptoms following wine consumption.
Methods
In 2010, 4000 people between the ages of 20 and 70 years were randomly selected from the approximately 145 000 residents of Mainz by the Mainz Registration Office. A short questionnaire about wine consumption and wine tolerance were sent to these selected people. The study was approved by the Data Protection Officer at the University Hospital in Mainz, and by the Ethics Committee of the State of Rhineland-Palatinate. Of these, 1114 questionnaires (27.9%) were returned. For the final evaluation, all completed questionnaires from people aged 20 to under 70 years were taken into account (n = 948); 166 questionnaires were incomplete and not included.
The questionnaire comprised questions on age, sex, and the average weekly consumption of wine, beer, and liquor during the past year. Questions also included whether allergy-like symptoms had occurred after wine consumption; for this, participants were given a list of symptoms experienced after consuming white or red/ rosé wine. Participants were also asked about the frequency of occurrence of each symptom (with the options of once, seldom, frequent, or always). In addition, participants were questioned about intolerance to pollen, house dust, latex, medications, seafood, nuts, milk, apples, cherries, oranges, peaches, plums, kiwis, strawberries, grapes, bananas, carrots, peppers, alcohol or beer; if they reported any intolerances, they were asked whether these were medically diagnosed. Because the study relied on self-reporting and not on formal medical diagnosis, all reported symptoms except for headache were considered as symptoms of intolerance.
Several possible symptoms for intolerance were listed in the questionnaire ( Table 1) . Participants were classified as "persons with wine intolerance" if the sum of the symptom scores was greater than 10, or if they self-reported having a wine intolerance.
Overall, the evaluation was mainly descriptive; to compare frequencies, p-values based on the MannWhitney U test were used. Since this is an exploratory study, we avoided the term "statistically significant" and instead focused on discussing differences that cannot be explained by random "variation." Statistical analyses were performed using SPSS (version 19.0 for Windows).
Results
A total of 948 questionnaires were analyzed in the study. The mean age of study participants was 43.7 years, with 429 (45.3%) men and 519 (54.7%) women. The distribution for age and sex was comparable to the Mainz population, with a slight underrepresentation of younger people.
Of the 948 participants, 800 reported that they had drunk alcohol during the past year. Wine was consumed by 726 people (76.6%), with an average of 3.66 glasses per week and with slightly more white than red wine (the amount of rosé was negligible). Beer was consumed by 467 of the respondents, and liquor, by only 172.
Overall, men drank more wine than women (p = 0.001); however, when taking into account only people who consume alcohol, no difference in the amount of wine consumed by men and women was detected (p = 0.399; Table 2 ).
Thirty participants (3.2%) stated that they have an intolerance to wine (9 men and 21 women). Only one man and one woman reported that a wine allergy had been verified by a physician.
A further 225 people (24%) reported allergy-like symptoms after drinking wine. The occurrence of headaches, although reported by 223 people, was not considered to be a symptom of wine intolerance, since headaches can have very diverse causes and are therefore considered non-specific.
All symptoms after wine consumption reported by the 948 participants are summarized in Table 3 . Interestingly, more people reported symptoms after drinking red wine than after white wine.
A wine intolerance score of over 10 was observed for 52 of the 225 people who reported symptoms. However, only 14 of these 52 people reported that they suffered from wine intolerance, while five people gave no information about symptoms. For this analysis, we joined these two groups of people, that is, group 1, who reported having wine intolerance (n = 30), and group 2, who did not indicate having a wine tolerance but whose scores were higher than 10 (n = 38), into a single group of people with wine intolerance (n = 68) ( Figure 1) .
The following symptoms were reported by the 68 people with wine intolerance ( In addition, participants were asked about the frequency of symptoms ( Table 4) . Of 68 people with wine intolerance, 39 reported having flushed skin; of these, 36 gave information about the frequency of this symptom. It occurred often or always for 25 people (36.8%), while only 34 of the remaining 880 study participants reported flushed skin. Of these 880 people, only 15 of the 32 participants who experienced flushed skin reported that it occurred often or always (1.6%). A similar situation was observed for the symptom of itching ( Tables 3 and 4) .
Only two people reported circulatory collapse after wine consumption. This serious reaction to wine consumption occurred only once or seldom.
Study participants were also asked about other food intolerances as well as reactions to pollen, house dust, latex, and medications ( Figure 2 ). Not considering alcohol intolerances, 209 people (22%) reported food intolerance, with a higher prevalence in women (25%) than in men (18%). The most common triggers were nuts (10.3%), apples (7.5%), and milk (6.2%). Additionally, participants reported intolerance to pollen (31.4%), house dust (18.7%), and medication (12.0%). In many cases, participants reported that an allergy was confirmed by physicians ( Figure 2) ; this was not the case for intolerance to alcohol, beer, or wine.
The 68 participants with a wine intolerance reported more frequently that they had other intolerances than did the remaining study participants. Thus, 15 of them also reported intolerance to beer, and 19, to alcohol in general. Almost all of these belong to the group of 30 people with a self-reported wine intolerance (14 people with a beer intolerance, and 16 with an alcohol intolerance).
Of the 68 participants with wine intolerance, 18 did not drink wine, and ten did not drink alcohol at all. This wine intolerance group reported drinking an average of 2.27 glasses of wine per week (95% CI, 1.51 to 3.02); this average was 2.66 glasses of wine per week (95% CI, 1.80 to 3.51) when only those who drank alcohol were considered. No difference in average wine consumption was observed between the 68 people with wine intolerance and the 880 people who had no wine intolerance (p = 0.413); this also holds true if only the alcohol consumers are analyzed (p = 0.310).
Discussion
The present study provides the first data on the frequency of wine intolerance in a general population. The study is based on a questionnaire survey of randomly identified residents of the city of Mainz, which is located in a German wine growing region. A total of 68 people (7.2%; 95% CI, 5.6 to 8.8) were identified as having wine intolerance. The increased incidence of hypersensitivity reactions in women supports previous studies that showed a similar distribution for food intolerances (12, 13) .
The study shows no difference in wine consumption among people with wine intolerance and the remaining study participants. One reason for this could be that people with wine intolerance have switched to drinking wines that are better tolerated; however, this possibility was not explored in the questionnaires. Another possible explanation is that the intolerance is strong enough to prevent them from drinking wine altogether.
The validity of this study is limited by the low return rate of the questionnaires, as this can lead to selection bias and thus to an over-or underestimation of the prevalence of intolerance (14) . A non-responder analysis was not performed. However, in the extreme case that all wine intolerant individuals responded, the resulting prevalence of 1.7% (68 out of 4000 people) can be considered to be the lower limit. Thus, the prevalence of wine intolerance is much higher than previously thought and occurs at a similar rate as other common food intolerances.
Indeed, the number of people with a wine intolerance could also be higher, since the non-specific symptom of headaches was not considered. Nonetheless, it cannot be ruled out that headaches occur in some individuals as a symptom of intolerance. The same applies to people who reported that they only experienced one symptom after wine consumption and were thus excluded because of the limit set for symptom scores, since individual symptoms could nonetheless be indicative of an intolerance reaction, especially if they occur often or always following wine consumption. Therefore, adding up the various symptoms to determine whether a wine intolerance is present may not always be appropriate for individual cases. A further limitation of this study is that it is based on data from a questionnaire that has not yet been validated. Thus, our analysis of the frequency of wine intolerance was based on self-reported data, which are now being tested by clinical research.
The frequencies of intolerances were comparable with those reported in other studies. Thus, a pollen allergy was reported in the present study by 31.4% of respondents (95% CI, 28.5 to 34.4), whereas a recent study, which included skin prick tests, reported a rate of sensitization to common allergies such as birch pollen of 24.2%, and from grasses, of 37.8% (15) . Overall, 51.4% of respondents in the present study (95% CI, 48.2 to 54.6) reported intolerance reactions, while the frequency for an allergic disease in Germany is around 40% (16) . Whether any association between the occurrence of wine intolerance and socio-economic or demographic factors exists was not considered in this study.
The study shows that symptoms of intolerance were more frequently reported after drinking red wine than white wine. Wine contains small amounts of proteins, which mainly come from grapes but can also be introduced by bacteria and yeast (17, 18) . One of the proteins found in wine is the lipid transfer protein (LTP), which has been shown to come from grapes and to be structurally stable (19) . LTP is a recognized allergen (11) and can lead to serious symptoms such as anaphylaxis (20) . However, it has been shown that drinking wine on a regular basis can lead to the development of oral tolerance to LTP and reduce the risk of anaphylaxis (20) . LTP is located on grape skins, which are also present in the mash during the fermentation of red wine. In contrast, the must used to produce white wine is fermented without grape skins. This may explain why red wine evokes intolerance symptoms more frequently than white wine. Other proteins that have also been discussed as potential allergens, such as thaumatin-like proteins, endochitinases, and glucanases, are present in equal amounts in red and white wine (6, 10) .
In addition to these allergens, other ingredients, such as sulfite or the biogenic amines of histamine and tyramine, may also evoke intolerance reactions (21, 22) .
TABLE 3
Frequency of symptoms after wine consumption* 1 * 1 More than one answer was possible. RW stands for red wine, WW for white wine, and WineIN for wine intolerance. *2 Some participants did not state whether symptoms occurred following red or white wine consumption. The results from these are included in the column "after wine consumption in general" but not in the columns specific for red or white wine In general, German wines contain very low amounts of total biogenic amines, but these are present in red wines at a higher concentration than in white wines (23) .
Alcoholic drinks in general, and in particular red wine, seem to be important triggers for intolerance (24, 25) . In this study, 19 of the 68 people with wine intolerance (25%) also reported a general intolerance to alcohol. This could therefore indicate that a more generalized intolerance to alcohol is one of the causes for the observed wine intolerance. Such an intolerance could have several causes:
• polar and hydrophobic ingredients in wine could be dissolved in alcohol, thereby promoting their absorption into the body;
• alcohol promotes the permeability of the intestinal mucosa, which could increase the absorption of wine ingredients;
• alcohol-induced vasodilation could also be responsible for some symptoms of wine intolerance, such as skin flushing;
• alcohol inhibits the enzyme diaminooxidase, which degrades histamine and other biogenic amines. This would increase histamine concentrations and could lead to symptoms such as vascular dilation in the nose region (21, 22) . The fact that only 3 out of 30 participants with selfreported wine intolerance and 6 out of the total of 68 wine-intolerant individuals identified in our study additionally reported grape intolerance, supports the assumption that wine intolerance is very rarely caused by true allergy to grapes.
Non-allergic wine intolerance versus wine allergy
It is very likely that most people can not distinguish between an allergy and a non-allergic intolerance, as symptoms of a true IgE-mediated food allergy are very similar to those in non-allergic intolerance. Therefore, direct responses to questionnaires often overestimate the incidence of food allergy, as compared to studies that specifically analyze for IgE or that use prick tests (12, 26) . Only 2 of the 68 people with wine intolerance reported having medically diagnosed wine allergy. However, since the respondents did not indicate which specific tests were performed, a diagnosis of wine allergy cannot be regarded as certain. An allergy to wine or grapes is not routinely tested for, unlike for example sensitization to pollen. This might explain the higher proportion of medically diagnosed allergies to other agents. In summary, on the basis of the present study and the few existing reports on wine allergy in the literature, we can conlude that wine is a relatively safe food material, in relation to true allergy. However, this study shows that a relatively high percentage of people (23.7%) report having intolerance symptoms after drinking wine. This study demonstrates that the relative frequency of individuals with a self-reported intolerance to wine (n = 30) is comparable to the relative frequency of people with intolerances to other foods (Figure 2) .
Conclusion
A surprisingly large number of people reported having experienced symptoms after drinking wine, and the number of these symptoms was also higher than expected. The frequency of people who appear to have wine intolerance based on their reported data is comparable to the incidence of people with other common food intolerances. Wine intolerance seems to be a relatively common phenomenon within the general population, and this should be considered during medical examinations if the patient presents with the relevant complaints. Further clinical studies are necessary to distinguish true wine allergy from other causes of wine intolerance, such as those caused by alcohol, sulfites, or biogenic amines.
